Context. Planetary companions of a fixed mass induce larger amplitude reflex motions around lower-mass stars, which helps make M dwarfs excellent targets for extra-solar planet searches. State of the art velocimeters with ∼1m/s stability can detect very low-mass planets out to the habitable zone of these stars. Low-mass, small, planets are abundant around M dwarfs, and most known potentially habitable planets orbit one of these cool stars. Aims. Our M-dwarf radial velocity monitoring with HARPS on the ESO 3.6m telescope at La Silla observatory makes a major contribution to this sample. Methods. We present here dense radial velocity (RV) time series for three M dwarfs observed over ∼ 5 years: GJ 3293 (0.42M ), GJ 3341 (0.47M ), and GJ 3543 (0.45M ). We extract those RVs through minimum χ 2 matching of each spectrum against a high S/N ratio stack of all observed spectra for the same star. We then vet potential orbital signals against several stellar activity indicators, to disentangle the Keplerian variations induced by planets from the spurious signals which result from rotational modulation of stellar surface inhomogeneities and from activity cycles. Results. Two Neptune-mass planets -msin(i) = 1.4 ± 0.1 and 1.3 ± 0.1M nept -orbit GJ 3293 with periods P = 30.60 ± 0.02 d and P = 123.98 ± 0.38 d, possibly together with a super-Earth -msin(i) ∼ 7.9 ± 1.4M ⊕ -with period P = 48.14 ± 0.12 d. A super-Earth -msin(i) ∼ 6.1M ⊕ -orbits GJ 3341 with P = 14.207 ± 0.007 d. The RV variations of GJ 3543, on the other hand, reflect its stellar activity rather than planetary signals.
Introduction
A planet of a given mass induces a larger reflex motion on a less massive host star. Around the low-mass M dwarfs, present-day observing facilities can consequently detect planets just a few times more massive than the Earth (Fressin et al. 2013; Mayor et al. 2009 ). These very low mass stars dominate Galactic populations by approximately 3 to 1 (e.g. van Dokkum & Conroy 2010) , and most of them host planets: Bonfils et al. (2013a) estimate that 0.88 +0.55 −0.19 planets orbit each early to mid-M dwarf with a period under 100 days, while Dressing & Charbonneau (2013) find that each star with effective temperatures below 4000K is orbited by 0.90
+0.04
−0.03 planets with radii between 0.5 and 4R ⊕ and an orbital period below 50 days. Their high Galactic abundance and their abundant planets together make M dwarfs Based on observations made with the HARPS instrument on the ESO 3.6 m telescope under the program IDs 072.C-0488, 082.C-0718 and 183.C-0437 at Cerro La Silla (Chile). excellent targets for planet searches. These stars consequently are the focus of several ongoing surveys -with both RV (e.g. HARPS Bonfils et al. 2013a ) and transit techniques Nutzman & Charbonneau (e.g. MEarth 2008) . Several instruments are being developed to specifically target these stars -e.g. SPIRou, Delfosse et al. (2013b) ; CARMENES, Quirrenbach et al. (2012) ; NGTS, Wheatley et al. (2013) ; Exoplanets in Transit and their Atmosphere (ExTrA, Bonfils et al. in prep.) -mostly in the nearinfrared spectral range where M dwarfs are brighter and where a given photon noise can thus be achieved within a muchshorter integration time.
Much interest is currently focused on discovering broadly Earth-like planets that orbit within the habitable zone (HZ) of their host star. The HZ zone, by definition, is the range of host star distances for which the incident stellar flux allows water on a planetary surface to remain in the liquid phase, and after accounting for greenhouse effects it corresponds to surface equilibrium temperature between 175K and 270K (Selsis et al. 2007 ).
That zone is much closer in for a low luminosity M dwarf than for a brighter solar-type star: the orbital period for a HZ planet ranges from a week to a few months across the M dwarf spectral class, compared to one year for the Sun-Earth system. This relaxes the ∼10 cm/s precision required to detect an Earth equivalent orbiting a Sun equivalent to ∼ 1 m/s for the same planet orbiting in the habitable zone of a M dwarf. Characterizing that planet during transit, if any occurs, is furthermore eased considerably by the much larger planet to star surface ratio. The equilibrium surface temperature of a planet secondarily depends on the nature of its atmosphere, making planetary mass an important parameter as well. Bodies with M < 0.5M ⊕ are expected to retain too shallow atmospheres for any water to be liquid, while planets with M > 10M ⊕ are expected to accrete a very thick atmosphere mainly dominated by Hydrogen and Helium (Selsis et al. 2007 ). These considerations together make GJ 667Cc Bonfils et al. 2013a ), GJ 163 (Bonfils et al. 2013b) , and Kepler-186f (Quintana et al. 2014) some of the best current candidates for potentially habitable planets.
Stellar activity affects habitability (e.g. Vidotto et al. 2013 ), but more immediately, it can induce false-positives in planets detection. M dwarfs remain active for longer than more massive stars, because they do not dissipate their angular momentum as fast as their more massive brethrens, and stellar activity correlates strongly with rotation period (Noyes et al. 1984) . Additionally, lower mass stars are more active for a fixed rotation period (Kiraga & Stepien 2007) . Activity, in turn, affects measured stellar velocities through a number of mechanisms: stellar spots deform spectral lines according to their position on the stellar surface, the up-flowing and down-flowing regions of convective cells introduce blue-shifted and red-shifted components to the line shapes, and stellar oscillations also introduce a RV jitter. Stellar activity diagnostics are therefore essential to filter out spurious radial velocity signals which can otherwise be confused with planets ;
Cross-correlation with either an analogic or a numerical mask is widely used to extract radial velocities from spectra (Baranne et al. 1996) . This technique concentrates the information of all the lines in the mask into a very high signal-tonoise average line. It therefore enables a very detailed characterization of the line profile. Aside from the usually minor effect of telluric absorption lines, any variation of the full-width-athalf-maximum (FWHM), contrast or bisector-span of the CrossCorrelation functions that correlate with the radial velocity variations denotes that those originate in stellar phenomena such as spots, visible granulation density or oscillations Boisse et al. 2011; Dumusque et al. 2011) . Plages or filaments on the stellar surface can additionally be detectable through emission in, e.g., the Ca II H&amp;K and Hα lines (Gomes da Silva et al. 2011) .
Here we present analyses of GJ 3293 and GJ 3341 for which our HARPS measurements indicate the presence of planets, and for GJ 3543 where we conclude that stellar activity more likely explains the RV variations. Sect. 2 briefly describes the observations and the reduction process; Sect. 3 discusses the properties of each star in some detail, while Sections 4, 5 and 6 describe the RVs analysis and orbital solutions and examines stellar activity. Finally, we conclude in Sec. 7.
Spectra and Doppler analysis from HARPS
The High Accuracy Radial velocity Planets Searcher (HARPS) is a fiber-fed, cross-dispersed echelle spectrograph installed on Gl 674
Gl 176
GJ 3293
Gl 618A
GJ 3341
Gl 581 Fig. 1 . Median spectra centered on the Ca II H line for reference stars, sorted by increasing rotation period: Gl 674 (red line, M3, P rot = 35 d), Gl 176 (cyan line, M2.5, P rot = 39 d), Gl 618A (blue line, M3, P rot = 57 d), and Gl 581 (green line, M2.5, P rot = 130 d). Median spectra for the targets of this paper, with no a priori known rotation period: GJ 3543 (black dotted line, M1.5), GJ 3293 (black full line, M2.5), and GJ 3341 (black dashed line, M2.5).
the 3.6m telescope at La Silla observatory in Chile. The instrument diffracts the light over two CCDs, where 72 orders cover the 380 to 630 nm spectra range with a resolving power of 115,000 (Mayor et al. 2003) . HARPS stands out by its long term stability, ensured by a vacuum enclosure and a temperature stabilized environment. To achieve sub-m/s precision, the spectrograph produces spectra for light injected through two fibers. One receives light from the target star and the other can be simultaneously (or not) illuminated with a calibration reference in order to correct instrumental drifts during the observations. The HARPS pipeline (Lovis & Pepe 2007) automatically reduces the data using nightly calibrations and measures the radial velocity by cross-correlation with a binary mask (Pepe et al. 2002) which depends on the spectral type. The numerical mask for M dwarfs consists in almost 10,000 holes, placed on spectral lines selected for their large amount of Doppler information. The whole procedure completes shortly after the end of each exposure.
The visual band spectra of the coolest stars contain a very large numbers of overlapping molecular features with essentially no continua. Under such circumstances, a binary mask makes sub-optimal use of the available Doppler information. In this study, we therefore recomputed RVs from the order by order spectra extracted by the HARPS pipeline. For each target, we used the RVs measured by the HARPS pipeline for the individual spectra together with the corresponding barycentric correction to align all spectra to the frame of the Solar System barycenter. This aligns the stellar lines, while the telluric features are shifted by minus the barycentric velocity of each epoch. We then compute the median of these spectra to produce a high SNR template spectrum for each target. At that stage, we produce a template of the telluric absorption spectrum, by computing the median of the residuals (aligned in the laboratory reference frame) of subtracting the high SNR template from the individual spectra. We then use this telluric spectrum to produce an improved stellar template, by repeating its construction with the now known telluric lines masked out. This process can in principle be iterated, but we found that it effectively converge after the first iteration. Finally, we measure a new radial velocities by minimizing the chi-squared of the residuals between the observed spectra and shifted versions of the stellar template, with all spectral elements contaminated by telluric lines masked out (e.g. Howarth et al. 1997; Zucker & Mazeh 2006, Astudillo et al. in prep.) . Astudillo et al. (in prep.) will provide a detailed description of the algorithm implementation and will characterize its performance.
Our observation strategy is described in detail in Bonfils et al. (2013a) , and only summarized for convenience here. We chose to observe without illuminating the reference fiber, as we only targeted a ∼ 1 ms −1 precision; this choice provides clean observations of the Ca II H&K lines for later stellar activity analysis, which is particularly important for M dwarfs. We hence made use of wavelength calibrations acquired before the beginning of the night. The exposure time was 900s for all frames. This is adequate for 0.80 ms −1 precision for visual magnitudes between 7 and 10, but the velocities of the fainter stars which we discuss here have significantly higher photon noise errors.
Stellar properties of GJ 3293, GJ 3341, and GJ 3543
GJ 3293 (LHS 1672), GJ 3341 (LHS 1748), and GJ 3543 (L 749-34) are high proper motions early M dwarfs (M2.5, M2.5 and M1.5, respectively). We used the BC K bolometric correction of Leggett et al. (2001) and the photometric distance of Gliese & Jahreiß (1991) to compute their luminosity. We also estimated the effective temperature (T e f f ), stellar radius, and luminosity from the V − K color and metallicity relationship of Boyajian et al. (2012) ; the two luminosities agree well for the three targets. We derived the stellar metallicities -and T e f f , for comparison -from our spectra using the methods of Neves et al. (2014) ; the two determinations of T e f f agree to better than their error bars for all three stars, and we only quote the Boyajian et al. (2012) value. The masses were computed using the Delfosse et al. (2000) K-band mass versus absolute magnitude relation. We calculated the UVW space motions with the (Johnson & Soderblom 1987 ) orientation convention, and assign kinematic populations following Leggett (1992) . We used the proper motion and distance to compute the secular radial acceleration Gliese & Jahreiß (1991) ; (4) Riedel et al. (2010) ; from (5) Delfosse et al. (2000) , (6) Leggett et al. (2001) , (7) Boyajian et al. (2012) and (8) (Gliese & Jahreiß 1991) away from the Sun. Its Galactic velocity parameters, U = −27.3 ± 17.1 kms −1 , V = −25.9 ± 6.6 kms −1 , and W = −22.2 ± 23.1 kms −1 , leave its kinematic population uncertain in part due to the large uncertainty on its photometric distance; GJ 3293 could belong either in the young disk or the young-old disk population. Its close to Solar metallicity ([Fe/H]=0.02) suggests that it is part of the young disk, but is consistent with either option.
GJ 3341 is located in the Columba constellation at a distance of 23.2 ± 0.7 pc (Riedel et al. 2010) . Its proper motion, distance, and systemic velocity (γ = 47.803 ± 0.003) result in U = 52.5 ± 0.6 kms −1 , V = −52.0 ± 0.8 kms −1 , and W = 24.4 ± 3.2 kms −1 . This formally makes GJ 3341 fits a young-old disk member.
GJ 3543 is located in the Hydra constellation and at 12.5 ± 2.0 pc from the Sun (Gliese & Jahreiß 1991) . Its space motions components U = 23.8 ± 11.3 kms −1 , V = −9.0 ± 2.0 kms −1 , and W = −2.7±1.7 kms −1 place GJ 3543 in the young disk box while its metallicity ([Fe/H]=-0.13) is somewhat low for the Galactic young disk.
Radial velocities of GJ 3293
The 145 RV measurements of GJ 3293 span 1514 d. Their σ e = 7.69 ms −1 dispersion is much larger than the average Doppler uncertainty σ i = 1.76 ms −1 , which represents the weighted arithmetic mean of the estimated photon noise (Bouchy et al. 2001) and instrumental errors. Both an F-test with F = σ 2 e / σ i 2 and a χ 2 test for a constant model given σ i return negligible probabilities (< 10 −9 ) that the photon noise combined with wavelength calibration and guiding uncertainties explain the measured dispersion.
We thus looked for periodicity with floating-mean periodograms, with a periodogram normalization choice where 1 stands for a perfect fit of a sine wave to the data and 0 points to no improvement over a constant model (Zechmeister & Kürster 2009 ). Besides the commonly used 1% False Alarm Probability (FAP) confidence level, we plot values covering 68.3%, 95.4%, and 99.7% of the periodogram power distributions, equivalent to 1σ (31.7% FAP), 2σ (4.6% FAP), and 3σ confidences (0.3% FAP). 30, 0.22, 0.21, 0.20, 0.19, and 0.19, respectively . To further evaluate the confidence on the P = 30.6 d signal given our measurement errors and sampling, we generated 1, 000 synthetic datasets by rearranging the radial velocities and holding the dates fixed. None of the periodograms generated for these bootstraped had maximum power above 0.3. The FAP on the 30.6 d signal, with 0.51 power, is therefore well below 1/1,000. The Horne & Baliunas (1986) prescription for periodogram interpretation gives FAP(30.6d) = 2.8×10 −19 , and the 30.6 d peak is well above any of the considered confidence levels.
We used yorbit (Ségransan et al. in prep) to adjust keplerian orbits with an MCMC algorithm. Without any prior on the orbit, this converged to a solution with period P = 30.565 ± 0.024 d, eccentricity e = 0.158 ± 0.082, and semi-amplitude K 1 = 8.87 ± 0.83 ms −1 . This solution reduces the rms dispersion of the residuals to σ e = 5.34 ms −1 and the reduced chisquare to χ 2 ν = 9.28 ± 0.37. Given a M=0.42M stellar mass (with 10% uncertainty), the minimum mass for the planet is m sin(i) = 1.4 ± 0.1M nept . Table 2 summarizes the orbital and derived parameters. The ratio of the eccentricity (e) to its uncertainty (σ e ) is e/σ e < 2.49, and therefore below the usual thresholds for significant eccentricity 1 (Lucy 2013) . We adopt the eccentricity that yorbit converged to when analysing the residuals for additional signals, but its small value makes that choice unimportant.
Many of the peaks in the top panel of Fig 2 have no counterpart in the periodogram of the residuals of the subtraction of 1 ε 95 /µ = 3.34 for the eccentricity upper limit, where µ = σ e and α(%) = 5 for the detection threshold -using Lucy (2013) nomenclature. 39, 0.33, 0.27, 0.24, 0.24, 0.22, and 0.19 . None of those is sufficiently strong that confusing the 123.4 d signal for one of its aliases would be an issue. We used yorbit to model the RVs with two Keplerian signals, again with no prior on the orbital parameters. The parameters of the first Keplerian are essentially unchanged from the one-Keplerian fit, and the second has a period P = 123.76 ± 0.30 d, eccentricity e = 0.331 ± 0.057, and semiamplitude K 1 = 6.430 ± 0.423 ms −1 , which correspond to a minimum planetary mass of m sin(i) = 1.5 ± 0.1M nept . Table 3 e against the average internal errors σ i 2 and a χ 2 against a constant model respectively return P(F) = 5.7 × 10 −9 and P(χ 2 ) < 10 −9 , so there remains significant dispersion above the internal errors.
A single peak dominates the periodogram of the residuals of the subtraction of the two keplerians (Fig. 4) , implying that the other strong peaks in Figs 2 and 3 are aliases of the 30.6 and 123.8 d signals. This peak at 48 d has power p max = 0.18, which corresponds to a 0.15% FAP (p = 0.15 corresponds to a 1% FAP and p = 0.17 to a 3σ confidence level). An unconstrained search for a three-Keplerian solution with yorbit converged to the two Keplerians described above plus a highly eccentric (e = 0.925 ± 0.022) Keplerian with a period of 439 d period. The third orbit crosses the other two, making the solution almost certainly unstable on very short time scales, and therefore unphysical. Spurious highly eccentric orbits are favored when noise becomes significant and/or sampling is poor, with the highest velocity excursions typically found at the worst 
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sampled phases of the orbit. The periodogram of the residuals of that unphysical solution still has a 48 d peak, but with much reduced power (p = 0.10, 0.63 FAP, middle panel of Fig. 4 ). This indicates that our sampling couples signals at periods of 48 and 439 d, but incompletely. We therefore constrained the period of the third Keplerian to the [2, 100] d range, to avoid convergence on the spurious longer period eccentric solution. This converged to a Keplerian with P = 48.072 ± 0.120 d, e = 0.190 ± 0.134, and K 1 = 2.515±0.393 ms −1 , which corresponds to a minimum mass of m sin(i) = 7.9 ± 1.4M ⊕ , plus the two keplerians with periods of 30.6 and 123.4 d. Following Lucy (2013) , e b /µ < 2.49 and the eccentricity therefore remains below the detection threshold. Figure 5 shows the keplerian solution. The dispersion is σ e = 2.45 ms −1 and the reduced chi-square is χ 2 ν = 2.11 ± 0.18. An F-test of this σ 2 e against σ i 2 yields a P(F) = 4.3×10 −5 probability that this would occur by chance. The RVs therefore vary by significantly more than expected from their known measurement errors. Possible explanations include additional companions, stellar activity, or a non-Gaussian or underestimated noise. The periodogram of the residuals of the 3-Keplerians solution (bottom panel of Fig. 4 has no peak above a 12% FAP (11.8% at 13.3 d and 11.7% at 669.6 d). Our final solution (Table 4) additionally includes a quadratic drift, which improves the residuals by a formally significant amount and suggests a possible component at a wider separation. 
Stellar activity
We computed periodograms for the FWHM, bissector span, and contrast of the CCF, as well as for the S and Hα indices, to investigate whether some of the periodicities are attributed to stellar activity. We also look for correlations between these activity indicators and the radial velocities and their residuals after subtracting subsets of the Keplerian orbits.
The periodograms of the bissector span, FWHM, contrast, and S-index show no dominant peaks, while that for Hα shows one peak at over 3σ confidence at 41 d (Fig 6 top) ; since the strength of the Ca II emission in GJ 3293 is intermediate be- tween those for Gl 176 (P = 39 d) and Gl 618A (P = 57 d) - Fig. 1 , this peak may reflect the stellar rotation period. We see no correlation between any of the activity indicators and either the radial velocities or the residuals from subtracting the Keplerian orbits (Fig. 6 , bottom, for Hα).
To evaluate the stability of the 30.6, 48.1 and 123.8 d signals over time, we split the RVs into three groups of epochs 
Radial velocities of GJ 3341
We obtained 135 RV measurements of GJ 3341, spanning 1456 d. Their dispersion is σ e = 3.51ms −1 , while the combined photon noise and instrumental errors average to σ i = 1.89ms −1 . An F-test and a χ 2 comparison against a constant model yield probabilities P(F) and P(χ 2 ) < 10 −9 that the RV dispersion is explained by the RVs uncertainties. The periodogram (Fig. 7) shows a peak at 14.21 d with power of p=0.31. 1,000 iterations of bootstrap randomization produced no random data set with a power above 0.24, and the FAP for this peak is therefore well below 10 −3 . The Horne & Baliunas (1986) recipe results in a FAP of 2.73 × 10 −8 . A Keplerian fit with yorbit converges on an orbit with period P = 14.207 ± 0.007 d, eccentricity e = 0.31 ± 0.11, and semi-amplitude K 1 = 3.036 ± 0.408. Given the stellar mass of M = 0.47M , the corresponding minimum planetary mass is 6.6 ± 0.1M ⊕ . Table 5 summarizes the solution parameters. This solution (Fig. 8) has a reduced chi-square of χ 2 = 2.28 ± 0.19 and a σ e = 2.86ms −1 dispersion of the residuals. An F-test and a χ 2 test for a constant model resulted in probabilities P(F) = 1.18 × 10 −6 and P(χ 2 ) < 10 −9 that this dispersion is explained by photon noise combined with instrumental errors. The periodogram of the residuals shows a p=0.18 peak at 41 d, above the p=0.16 level for a 1% FAP and grazing the 3σ confidence level. We could not reliably fit a Keplerian to these residuals, and stellar activity is therefore a more likely explanation for this additional RV variability.
Stellar activity
The periodogram of the Hα (Fig. 9 ) and S indices, contrast, bissector-span, and FWHM of the CCF show no evidence of stellar activity which could explain the RVs variations, and nor do plots of the RV as a function of these parameters. Subtracting a long term trend visible in Hα index, however, increases the power in a pre-existing 46 d peak of its periodogram (Fig. 9) to 0.24, above the 3σ confidence level. Phasing the Hα index with this period produces relatively smooth and approximately sinusoidal variations, compatible with the signature of stellar rotation. This period is somewhat shorter, than expected from the relatively weak Ca II emission of GJ 3341, which is intermediate in strength between those of Gl 618A (P=57 d) and Gl 581 (P=130 d) (Fig. 1) , but probably within the dispersion of the period-activity relation. The period closely matches that found in the RV residuals, reinforcing activity as an explanation for those.
To evaluate the stability of the 14 d signal, we split the RVs into four seasons (BJD-2400000=54800-55000, 55400-55600, 55800-56050, 56150-56300; 25, 32, 43, 32 measurements per epoch) and computed periodograms for each. The 14 d is consistently present in every periodogram.
Radial velocities of GJ 3543
We obtained 80 RV measurements of GJ 3543 spanning 1919 d, with a dispersion σ e = 3.02 ms −1 compared to an average photon noise combined with instrumental error of σ i = 1.21ms −1 . An F-test and a chi-square test for a constant model find a P < 10 −9
probability that these known measurement errors explain the dispersion. The periodogram (Fig. 10) of the GJ 3543 RVs exhibits two strong peaks with powers of 0.37 and 0.34 at 1.1 and 9.2 d. Both peaks are well above the p=0.29 for power at 0.3% FAP confidence level. Our first yorbit one-Keplerian fit to the RVs converged to an orbit with period P = 1.11913 ± 0.00006, eccentricity e = 0.13 ± 0.16, and semi-amplitude K 1 = 2.70 ± 0.38 (2.6 ± 0.4M ⊕ ). This solution decreases the dispersion to σ e = 2.32 ms −1 and the reduced chi-square of the residuals to χ 2 = 3.80±0.32. The 9.2 d signal disappears in the periodogram of the residuals, demonstrating that the 1.1 and 9.2 d peaks are aliases of each other. If we introduce a prior that mildly favors a longer period, the fit instead converges to an orbit with period P = 9.161 ± 0.004, eccentricity e = 0.20 ± 0.15, and semi-amplitude K 1 = 2.73 ± 0.44 (5.1±0.9M ⊕ ), and the 1.1 d signal disappears in the periodogram of the residuals. Their dispersion is σ e = 2.42 ms −1 and the reduced chi-square is χ 2 = 4.14 ± 0.33. In either case the strongest peak in the periodogram of the residuals occurs at 23 d and has a power p=0.25 which corresponds to a ∼2.5% FAP. The daily sampling of the observations and the periodogram analysis both suggest that the 1.1 and 9.2 d signals are aliases of one other (1/1.119 + 1/9.161 = 1/1.003). The residuals of the two fits don't differ enough to ascertain which represents the true signal, and Fig. 11 therefore plots both solutions.
Stellar activity
The power in the strongest peak in the periodogram of the Sindex, (Fig. 12, second row) , at 22 d, is p=0.193 and just below the p=0.198 needed for the 1σ confidence level. The strongest peak in the periodogram of the Hα index (Fig. 12, third row) , at 19 d, is above the 1σ confidence level but still has a 14% FAP. Either period would be consistent with the strength of the Ca II emission line (Fig. 1) , which suggest a stellar rotation period shorter than 35 d. While both activity signals have low significance, one can note that the P=9.2 d radial velocity period is close the the first harmonic of either 19 or 22 d, and that the tentative 23 d peak in the periodogram of the RV residuals (Fig. 12 , first row) is also close to both. We evaluated the stability of the 1.1 or 9.2 d signal by computing periodograms for three disjoint seasons, BJD-2400000=55500-55750, 55850-56050, and 56340-56380, which contain 25, 30, and 14 measurements. The two aliased signals are present in the first season only, and absent in the second and third seasons (Fig. 10, bottom panel) . The seasonal datasets have too few measurements for a similar exercise for the tentative 23 d peak in the periodogram of the residuals. Our best guess is that stellar activity is responsible for the RVs variation, although we see no correlation between the variations of the RV and of the S or Hα indices. More data will be needed to ascertain the source of the RV dispersion.
The radial velocity signal at half the stellar rotation period found here for GJ 3543 has an analog in the recent reanalysis by Robertson et al. (2014) of the Forveille et al. (2011) GJ 581 data. This analogy provides an opportunity to summarize here the views of our team on the physical reality of the up to 6 planets that have been claimed to to orbit GJ 581, with heated controversies on the statistical significance of the weaker signals.
Our group announced the discoveries of 'b' in 2005, followed by 'c' and 'd' in 2007 'c' and 'd' in and then 'e' in 2009 'c' and 'd' in (Bonfils et al. 2005 Udry et al. 2007; Mayor et al. 2009 ), after considering both planetary and activity models in the interpretation of the observed periodic signals. The estimated rotational period of GJ 581 was much longer than the putative orbital periods of b, c and e, which consequently were immediately accepted as planets. The interpretation of the 'd' signal was less straightforward, because it occured at a plausible rotational periods for GJ 581. We discarded that explanation at the time, on the grounds that the Doppler variations, if caused by a spot on the rotating star, would have come together with larger photometric variations than observed (e.g. Bonfils et al. 2007 ). This made the planet the most likely interpretation, at that time. Vogt et al. (2010) then combined the 2004 to 2008 HARPS data with new HIRES data, with most of the statistical weight on the HARPS side, to announce two additional planets in the system, f and g. We were monitoring GJ 581 very intensively, and we quickly reacted to Vogt et al. (2010) 's announcement by showing that our new HARPS data were incompatible with these additional two planets (Forveille et al. 2011) . In that manuscript we relied on Vogt et al.'s measurement of a 90 day rotational period for GJ 581 to conclude that GJ 581d was a bonafide planet, since its period was comfortably away from any harmonic of the presumed rotational period.
Strong doubts, on different grounds, on the reality of GJ 581 f and g were also expressed by others (Tuomi 2011; Gregory 2011; Baluev 2013 ). Baluev et al. additionally questioned whether GJ 581 d exists, finding that accounting for the correlated noise in the radial velocity measurements of GJ 581 decreased the significance of 'd' to ∼1.5 σ. Robertson et al. more recently identified the astrophysical source of that correlated noise, showing that GJ 581 obeys a more complex RVactivity relation than previously thought. Instead of star spots, they invoke convection inhibition within active regions that locally changes the balance of ascending vs. descending material. Such active regions move as the star rotates and induce apparent Doppler shifts, but do not necessarily induce brightness variations. Robertson et al. additionnally find the true rotation period of GJ 581 to be 130 day, quite different from that announced by Vogt et al. and twice the period of 'd'. These findings together mean that the 65 days radial velocity signal is most probably due to 2 longitudinally opposed active regions, and show that extra caution is warranted when RV periodicity are found near a harmonic of the rotation period. This occurs here for GJ 3543, and might also be the case for the GJ 667C system Anglada-Escudé et al. 2013; Feroz & Hobson 2014) , though its rotation period remains slightly uncertain.
Summary and conclusions
We analysed observations of three early-M dwarfs with the HARPS spectrograph mounted on the 3.6m telescope at La Silla observatory (ESO). We identify a planetary system orbiting GJ 3293, composed of two neptunes with periods near the 4:1 resonance (30.6±0.02 and 123.98±0.38 d), and more tentatively a super-Earth with an orbital period of 48.14 ± 0.12 d. Although the RV variations appear uncorrelated with any stellar activity indicator, the orbital period of the least massive planet candidate remains moderately close to the plausible stellar rotation period. This signal is present and stable for the 2008-2009 and 2012-2013 subsets of the data, while the 2010-2011 subset has inadequate sampling to probe a 48 d period. More data will be needed to fully confirm this planet candidate. With a 0.194 AU semi-major axis it orbits in the habitable zone of GJ 3293, and with a minimum mass of 7.9 ± 1.4M ⊕ it could be rocky. The hierarchical structure of the system warrants a dynamical analysis.
GJ 3341 is orbited by a uper-Earth (msin(i) ∼ 6.6M ⊕ ), which its 14.207 ± 0.007 d period places in the inner habitable zone of its host star.
The periodogram of the radial velocities of GJ 3543 is dominated by two mutually aliased peaks at 1.1 and 9.2 d, but those are only present in a subset of the epochs. The periodograms of the stellar activity indices suggest a stellar rotation period of about 20 d, or approximately twice the 9.2 d period, which further reinforces the presumption that stellar activity is responsible for the unstable radial velocity signal -see Boisse et al. (2011) .
GJ 3293 and GJ 3341 have approximately solar-metallicity, consistently with the observation that the frequency of superEarth and neptune planets seems uncorrelated with stellar metallicity Sousa et al. 2011; Neves et al. 2013) . As the sample of well characterized planetary systems increases and stellar properties are more accurately known, we will refine the statistical relations between the presence of planets and the stellar properties of their hosts, which will help constrain planet formation and evolution models. 
